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This document represents a f i f th  monthly report covering the work on the @xperLmental 
program far development of an "thawtic Still" and improvements in the perfonmace 
characteristics of tbe Ionics Dua l  Membrane €bel C e U  during the month or November, 
1962. This develapaent work is being accmplished under NASA-Ipwis Reseerch Center 
Contract No. 3-2551 by the Nev Product Research Department O r  'LBpCo a d  IOnics, 
~ C O  88 8 S U b C ~ ~ ~  t0 !bpCOo 

I1 OviazALLPaocwgss 

A. lzrpco Portion of prOep.am - 
I. A total of four tests with American WcblsRry and Foundry cation membranes 
were mtrde. I n  each of these tests extracted water in con&nser was coatemi- 
nated vith acid. Also, in each case post test exambatian of membranes and 
gaskets revealed them to be sound and vithout any defects. 

2. Above ix?sts led t o  suspicion that there night be an unlmam phenanena 
occurring during the tests that produced acid contaminstion i n  tbe extracted 
water. AB a result, a sin@.e AMF cation membrane was tested w i t h  one side 
exposed t o  the air w h i l e  the other to  electrolyte (sulphuric acid) of usud 
concentration (30 percent). This test revealed acid sweating of mernbrsne on 
the air 8ide a8 soon as electrolyte started circulating om the appodiite side. 
This sweating occurmzd olily during the l n i t i s l  stages of test- and probably 
was the cause of acid contamination in our previous fuur * S t s o  More details 
on this t e s t  are even in Section IV.  

1. Tvo ce l l s  were placed on Ufe test a t  30°C using tbe &as and electrolyte 
canpwtments machined from pieces of 60 mil epoxy glass in place of the corn- 
psrtments laminated fran 15 and 30 mil stock. 
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B. Ionics PortIan of Boegam Cont'd --- 
2. A conetsnt tempersture bath capable of h o l m  four cells a t  60% bas 
been cappleted. 
December 4. 

Operation of two cel ls  In this bath wa8 initiated on 

3. Duplicate Bamples of gold plated tltsnium, Trilok mteh, epoxy, buna N, 
plss-, U l -F ,  9 OZ. glass backed mt3Ub-s and monel =til have been 
&mersed in 6N E@Oi+ and the l a t h  msintained a t  60 and 95OC. 

4. Tbe C l e r i t e  C o r p o r a t i o n  in Cleveland, Ohio, bas been aaked to provide 
Ioaics with nine samples of tk sintered type e l e c t r e s .  

5. Paste and sintered electrodes have been prepared for the a ° C  runs. 

I 

6 .  Control equipnent for four 60% cells has been set up. A 24 point 
recorder bas been set up to provide a permsnent record of voltages. 

A. Wpco Partion of Progmn 

I The problem of acid contaminstion of the water ccmdensate I s  believed to 
be overc~11~. 
p r t l y  due to  the non-wet- material used t o  oupport the membrane. 
Teflon coating used to c m r  Mmel =tal screens was not satisfktory and, 
therefare, further work on techniques of coating w i t h  'penon and e 1 - p  
n r r t a r i a l s  I s  needed. 
screens will 6erw two purposes. OneJ to produce mm-wettlng aurfsce and 

I 
It I s  felt,  however, that the 8olution of this problem was 

The I 

It should be noted that catting of Monel metal I 

1 
1 

m~opad, to protect =tal S C ~  wt attack by sulgburlc a ~ l b .  

Ioolfcpi P & i a  - Of Progrsr~ B. - 
1. Production of uniform aintered electrodes. 

2. The elimination of s m l l  a i r  pockets a t  top of cell. 
instrumental i n  producing desiccation of mentbranes in conJunction w i t h  the 
incombg hydrogen and c8xygw gases which are esaentlelly vented t o w a r d  the 
top of the membrane. 

I 3. ResU- of arrterials to E$O4 at elevakd temperatures. I 

These can be 

I 

1. Further Teflon and a 1 - F  coating techniqyes to cover metal screens 
supparting znembranes w l l l  be conducted. 

2. Performance testa wiU be continued vith AMF anion and cation swmbranes. 

1. continued material a t  and 95%. It i.8 huped the proposed 
subcontract an materials evaluation can be amoved. . 



B. Icmics Portion of Program - 
2. Testing of electrodes produced by Clevlte Corporation on 2" x 2" 
t es t  cells  . 
3. Life testing of 8-12 me-ceu fuel cells a t  60%. 

4. Preliminary design of a five-cell multiple ce l l  configuration. 

5. The introduction of measures t o  eliminate air pockets or their effects 
viz. the Introduction of 02 end at bottom of ce l l  to avoid desiccation 
problems 0 

V TESTRESULTS 

A. l!apco Portion of Program - 
1. The In i t i a l  t es t  was made with AMF cation membrane Vith 70- sulphuric 
acid circulating through the back side while a vacuum was dram slowly on 
the vapor side of membrane. Drops of liquid with high acid content accumu- 
lated in the condenser. 
leak and t k  test unit was dismantled for inspection. 
defect6 were found by vistael inspection &s wel l  86 vith leak detector. 

This accumulation was thought to be fran a membrane 
No cracks or any other 

2. T h  occaad t e e t  vi- tbe AMP membmes was stailrrr to the one described 
above. 
cracks and holes in membrane. 

A@n acid acc\raulated in tbe condenser and a&n there were no 

3. lzLe third test was initiated with AMF cation Dltmbranes and was operated 
*ca rctus?! tQ ISOF eI€?ctmIyte t-mkW!?e ?!!E! h c m s e  .In t..r?=t*Lre of 
electr'olyte, it was masoned, will increase the water yield and wiU clean 
out t k  acid accumulation during the s t a r t i n g  period. 
for 13 hours over s period of three days vith condemcr water s~afples takcn 
every bur. 
holes were found in the membrane, It was thought that the fitlure was possi- 
bly due to  leakage of acid through tbe gasket. 

This test was operated 

Although rw In  this caseB water of W 2 was obtalned each tine. 

4. An alternate gasketing arrangement was tr ied along with the Introduction 
of a Wlex plastic 6creen as a Embrane suppart material. 
failed because water collected was of Ph 2 Fa spite of the iact that no 

This test ala0 

Ccacks OT hOh6 We- forend the &@ CaffQn n b - 8  used. 

5. The reported fallures of tests to obtain water with a Ph rat- above 4 

bFa;na behavior m e  k k b g  place that resulted in coatarsination of vater with 
acid. Aa a rerult, 8 t e a t  was se t  up Vith an AMIP cation membraae, such that 
E visual  obuervatioa of membrane was possible durirrg aperation. 
revealed thrrt upon introduction of acid a t  roan teqerature in the acid 
cavity of the test rig, th urposed face of membrane started to evolve liquid 
droplets of Ph1. 
vertical liquid runs on the membrane surface and collection of liquid a t  the 
bot- of a test unit. Increasing acid temperature produced a drying effect 
on the entire surface of the membrane. once the surface wa8 dxy, the "sweat- 
Ing" could only be Induced by the application of acid solution to tbe surfhce 

the AW membranes, the contamination of condensed water was due to the acid 
lima evolved during the I n i t i a l  stages of tests, rrnd which vas carried by 

vimt svi~nccs of raembrane i d  to S U S ~ I C ~ ~  a t  (~11 rmimawn -- 
This test 

The evolution of droplets wae excessive enough to cause 

Of - b W .  This -St indicated, therefom, that in all PXXWIOUS testa With 



. -  

5. tbe water vapor Into the condenser and not by membrane or gaskt leakage. 

60 In order to protect the metal screen supports fkan acid attack and also 
to b8ve a non-wetthg mterial In contact w i t h  the membrane, a Teflon coat- 
ing was applfed t o  the -1 sckens by dipplng the screen in Teflon disper- 
sion a d  sintering a t  7oooP for 9 seconds. 

I 

I 

7. Another test w i t h  AMF anlon membrane was init iated employing new assembly 
anB ''drying" procedures evolved after the tes ts  described uniler Part (5) 
above were ~mde. 
a procedure indicated under Part (6) above. 
approIximEItely 19 hours a t  acid temperatures ranging iram roan temperature 
to  2039 and condensing temperatures ranging f r o a n  roan to 1559. During 
this time of operation uater extracted from sulphurlc acid ranged from Ph 4 
to Ph 5. 
the next reporting period. 

The membrane support screens in this test were coated by 
The membranes were tested for 

This t e s t  provided our best results t o  date and was continued Into 

B. Ionics Fortion of Program - 
1. Control and reguhtory system a t  30°C and &l°C have been completed. I 
2. Two duplicate test cells utilizing paste electrode8 have been placed 
into bath for life-testing at 60%. These cells perforned w e l l  (see Table I 

~ 

1) but had to be r-ved due t o  failure of control system. 

3. A canpilation of life test data obtained up to the present is presented 
in Table 1. 

Because of t h i s  and related naterial problems, life test- at 95% has 
been discontinued until the rmterials problem have been explored i n  m e  
detail. 

I 

4. ~ ~ c * ~ p ~ ~  geld (w iidcr=h&s) a d  net &<+&+ad 6g *E!+ E t  9pc; 

* -  
A. Tspco portion of Pr0uz-m 

The scheduled Quality Assurance and Engineering Review of progrese a t  Ionics, 
Inc. was accrr3apllshed on November 15. 
representstivas f'ran the Quality Assurance and Ebgineering Departments of 
both HASA and TRW. 
Enclosure I to  this monthlyprogress report. An In i t i a l  earlier distribution 

I n  attendance at  the meeting were 

A copy of W l t y  Assurance Trip Report I s  attsched as 

Of E n C l o a U r e  I W a U  asdn tO t2rt MSA and acW p-1 C-8-d. 

A means for t e s t i n g  soundness of membrane material prior to w e  is still 
being pursued. 
i n  a membrane while it is still protected by a water or Glycol solution. By 
application of the dye to me side of' the moist membrane, it will seek out a 
void and define the area by a distinct visual shar of color on the reverse 
sib. A 8axnple of this dye is on order but haa not been received as of t h i s  
date. Testing mrterial with predetermined leakage areas w i l l  be accomplished 
as 800n as tbe dye is received. If this method proves successful it will be 

lhFpont makes a dye that  is capable of pin-pointing porosity 
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much more econcnnlcal and eff ic ient  than the previously suggested pressure test 
method because of the subsequent b a n d l i q  and f lxtur ing problems pressure test- 
ine; Would impoee. 

An area of ctmcern at  this point In the program is the inab i l i t y  of our Pur- 
chasing Departraent t o  obtain proper physical and chemical analyses From the 
supplier8 of membrane materials. There is a general reluctance in the plastics 
indmtry M a whole t o  supply positive inforxmtion t o  the degree tbat repeat 
procurement of test qualified nater ia ls  can be assured. 
furnish requested cer t i f icat ion,  and pertinent technical performance data, w i t h  
the mrterial is based mostly on 8 desire to  protect proprietary iniormation. 
Unless this can be accnmplished, reproducibility of product cannot be guaranteed. 

This resistance to 

B. Ionics Portion of Program - - 
Quality assurance documentation w a s  emphasized during the past reporting p2riod. 

Specifications have been revised and nade current, incorporating the newly 
designed gas and electrolyte  compartments . A Quality Assurance I4anual for  the 
Energy Conversion Demrtiiient has Seen M t k t e 0  a=d w r k  is proceeding 011 
developing quality control instructions for various c r i t i c a l  steps i n  the 
processing and assembly of the fuel cells. 

Ionics' Material Ruchsslng Speciflcatlons are to be.initiated for those materiels 
not hsvlng a nationally recognized standard, such SB a NE31A cx Ma specification. 

Segregation of purchase xmterial In an incanine; inspection storage area is pLaMed 
dong with incolning inspection records. Inspected meterial will be Identified and 
stored in separate applicable project areas. 

Current  plans are for  the Quality Assurance Program to be f'ul3.y operative at the 
ins t i tu t ion  of lssk V or VI. 



ENCIX)GURE I 
mBuALITy ASSUMICE lRIp REPOWT ON VISIT To IONICS, INC. 

(Trip on November 15, 1962) 

The purpose of the t r i p  vas to  make a scheduled review of progress xade a t  Ionics in 
accomplishing their planned Quality Control procedures t o  assure reproducibility of 
materials and effort  in the NASA Fuel Cell Development Pragmm. 

Upon arrival at  Iaaics we proceeded directly to the area set aside for this project. 
We witnessed three cells that were undergoing imPrersion tee- to check the effects 
of heat, at variaus degrees of temperature, on ce l l  l i fe  and perforxmnce. A t  the 
time we observed the test, the water uas a t  a temperature apprraximating ambient. 
ce l l s  were p d b l l y  submerged in the water with the electrical contacta at the elec- 
trodes exposed. Water -ratwe i n  the tank YBS controlled by a theneostatically 
operated heating rarit. This particular test could not be considered as l i fe  cycling 
because of constant interruptions necessary to introduce changes &rd make various 
lnvestiCqttJons as problem arose. 

The 

Ionics has assembled stme working models with the change in  configuration fran t h e i r  
6" x 6" standard type to the proposed 2" x 18". 
increase the usable amount of the total surface area of the membranes. The square 
design had ''DMD" areas in the corners caused by lack of circulation of fluids and 
gases during opemtion. 
functional use of more of the membrane surfaces by lite-y placing more of t k  area 
in l i n e  w i t h  the flow path of the gases and fluids. 
narrw design will be more adaptable t o  multiple ce l l  construction and will fit more 
readily into any apace made avaihble  in  end use. 

This change was made in  order to 

The new deeiepl reduces the inactive areas and permits 

It is also felt that the long 

Additional design improvement changes, t o  reduce the number of sealing meas, are in 
progress. 
material costs, reduced number of parts required, reduced amount of assembly t i m e ,  
eliminate leakage paoblepts, and cut davn on test rejections. 
~ m ~ e c ?  crrrrecticm were 4 e ~ ~ ~ s t . m t e d  by one of the engineers who  went through the 
actual build procedure for a single cell. 

If successful these changes w i l l  introduce multiple related savings i n  

!he present problems and 

Ionic8 has nade additional noticeable improvements i n  housekeeping techniques in the 
laboratory and test axeas. Excess acid accumulations have been removed, t o  a satis- 
factory degree, from the l i fe  test units and attached control meters. 
meters have been calibrated by an independent laboratory working to Ibtional Bureau 
of Standard approved test masters. Certified results are on f i le  at  Ionics QuaUty 
Control Office, 

The master 

Progress bas been made in the Quality C o n t r o l  areas as de- by the nine polnta 
repuiring atbntlaa in my call report of September ll and l2. 
hsndling of m~terials shawa improvement. 
QA-1 a t  time of entry into Paak Vaod VI 88 planned. 

Internal contl.01 end 
Ionics should be able t o  canply with NASA 

It should be meatlabed, however, tbat in spite of efforts expendcd it is my feeling 
tbat Ionics is still faced w i t h  the mue problem evident in September as far as Wt 
construction and improved performance are concerned. 
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For 

Subritted by 

iW E30aJcT LYSFACII of TAiCO 

(Attachment t o  Monthly Progress iicport Mo. 5 )  



FINANCIAL REPCBT 

for 

Contract NAS 3-2551 

for 

Period Ending November 9, 1& 

TRW Engineering Hours 

Current 
Month 

220 

'1RW C a t s  and Commitments $ 3,300 

Subcontractor Costs and Camnitments 18,500 

T o t a l  
To mte 

955 5 

s15,750 

61,663 


